Background: Concurrent chemoradiotherapy (CCRT) has now become the standard of treatments for advanced rectal cancer before surgery. To search the biological molecules with prognostic and therapeutic potential of CCRT could be beneficial for these patients. Recently, aberrant expression of chloride channels has been linked to radio-resistance in glioblastoma; however, its clinical implication has not been well-studied in rectal cancers. Therefore, we examined the clinical significance of targetable drivers associated with chloride channel activity in patients with rectal cancer receiving CCRT. Methods: After datamining from a published transcriptome of rectal cancers, upregulation of CLCA1 gene was recognized to be significantly correlated with non-responders of CCRT. In validation cohort of rectal cancers, the expression levels of CLCA1 were accessed by using immunohistochemistry assays in 172 tumor specimens that were obtained before any treatment. Expression levels of CLCA1 were statistically analyzed with principal clinicopathological features and survival outcomes in this substantial cohort. Results: In validation cohort, high expression of CLCA1 was significantly associated with higher pre-treatment tumor nodal stages (P=0.032), vascular invasion (P=0.028), and inferior tumor regression grade (P=0.042). In survival evaluations, high expression of CLCA1 was significantly correlated with worse local recurrence-free survival (LRFS; P=0.0012), metastasis-free survival (MeFS; P =0.0114), and disease-specific survival (DSS; P=0.0041). Furthermore, high expression of CLCA1 remained an independent prognosticator of shorter LRFS (P=0.029, hazard ratio=2.555), MeFS (P=0.044, hazard ratio=2.125) and DSS (P=0.044, hazard ratio=2.172). Conclusions: High expression of CLCA1 is significantly associated with poor therapeutic response and survival outcomes in rectal cancer patients with CCRT treatment before surgery. With the development of specific inhibitors, our findings indicate not only prognostic but also therapeutic potential of CLCA1 in rectal cancers.
Introduction
The incidence of rectal cancer, a malignant disease located in the colon distal to rectosigmoid junction, has been steadily increasing in Taiwan in a decade [1] . Colorectal cancer (CRC) is always considered a prevalent disease in developed countries [2] ; the increasing incidence of rectal cancer in Taiwan   Ivyspring International Publisher might be attributed to the habit alterations to Western-style diet [3] . Due to the anatomic characteristic, the major difference in treatments between these epithelium malignancies originating from rectum and other colonic sites is the introduction of radiotherapy. Especially in locally advanced rectal cancers (LARC; T3, T4 and node positive diseases), concurrent chemoradiotherapy (CCRT) followed by tumor resection is considered the standard of treatment nowadays. In addition to improved local control rates and reduced toxicity profiles, neoadjuvant CCRT could offer some patients the opportunities to undergo sphincter-preserving surgery [4] [5] [6] [7] . In spite of these advantages, the 5-year disease recurrence and overall survival rates of these patients receiving neoadjuvant CCRT are 36% and 65%, respectively [4] [5] [6] . These unsatisfactory clinical outcomes suggest that more efforts would be made to advance the efficacy of CCRT on rectal cancers.
The key features of cancer cells include the capacity to continuous proliferation, apoptosis escape, metabolic re-programming, invasive migration as well as neo-angiogenesis stimulation [8] . In addition to established onco-proteins, majorly focusing on receptor kinases, metabolic enzymes and signaling transducers to maintain malignant behaviors of cancers cells, several trans-membrane ion channels have been identified to regulate the development and progression of cancer cells [9] [10] . Genetic or functional aberrations in these trans-membrane proteins which control transportation of specific ions between extracellular and intracellular environments have always been recognized as a key player in various diseases involved in neurological, cardiovascular, endocrine and immune systems [11] [12] [13] . Recently, dysregulated expression of ion channels has also been reported in a variety of human cancers, including CRC [14] . Increasing evidence from different laboratory work has also suggested that aberrant expression of ion channels could regulate cellular functions in proliferation, invasion, migration and angiogenesis [15] [16] [17] . In light of a broad clinical development of pharmacological modulators targeting ion channels [18] , it deserves to search significant ion transporters with potential of clinical impact on rectal cancers.
Recently, several studies have demonstrated importance of ion transporters in regulation of cancer cell responses after irradiation exposure, especially chloride channels in glioblastoma (GBM) cells [19] [20] [21] . Through the modifications of these channels, alterations of chloride ion concentrations between cancer cells and their surrounding environments can confer cellular resistance to irradiation. Accordingly, we aim to decipher the potential prognostic role of chloride channels in radiotherapy for rectal cancers in this study. After initial data mining, focusing on chloride channels, from a previously published transcriptome of patients with rectal cancer receiving CCRT (GSE35452), the upregulation of chloride channel accessory 1 (CLCA1) was identified to be substantially associated with poor response to CCRT. The transmembrane protein CLCA1 belongs to a family of ion channels which function in regulating chloride conductance dependent on calcium activation [22] . In intestinal epithelium, chloride channels are crucial to control epithelial volume via electrolyte transportation [23] . Increased expression of CLCA1 has been demonstrated to affect spheroid aggregate of ovarian cancer cells [24] ; however, its clinical implications on rectal cancers remain to be elucidated. Therefore, in this study, the clinical significance of CLCA1 expression was further analyzed by examining a clearly-defined cohort of rectal cancers receiving CCRT before surgery.
Materials and Methods

Data mining of the published transcriptomic dataset
To determine the significant chloride channel associated with the response of CCRT, the transcriptome dataset which was derived from tissues of rectal cancers (n=46) and deposited in Gene Expression Omnibus (GSE35452) was assessed. According to the response to neoadjuvant CCRT, the tumors were categorized into "responder" and "non-responder". Nexus Expression 3 software (BioDiscovery) was utilized to analyze all probe sets from raw files of GeneChip® Human Genome U133 Plus 2.0 array platform (Affymetrix) without filtering or pre-selection. By comparing responder and non-responder, with special attention to chloride channel activity (GO:0005254), statistically significant genes were examined. Those transcripts with P-value <0.01 and fold change of log2-transformed expression >0.1 were designated for further analyses.
Study cohort of patients
The analyses of clinical and pathological information in this study have been approved by the institutional review board of Chi-Mei Medical Center (IRB 10302014). Totally 172 LARC patients who were histologically confirmed rectum adenocarcinoma were enrolled from Chi-Mei Medical Center between 1998 and 2004. The pre-operative clinical staging was decided by using chest X-radiography and abdominopelvic CT and/or pelvic magnetic resonance imaging (MRI). All 172 LARC patients received neoadjuvant CCRT followed by surgery as previously described [25] . Briefly, a total dose of 45 Gy in 25 fractions was delivered to all patients over a period of 5 weeks concurrently with infusion of 5-fluorouracil before surgery (225 mg/m 2 /day). The administration of adjuvant systemic chemotherapy was based on the multidiscipline guideline at Chi-Mei Medical Center (if initial clinical tumor stage was beyond T3 or N1). These patients were routinely and completely followed up at Chi-Mei Medical Center as previously described [25] .
Histopathologic assessments of tumor specimens
Tumor specimens derived from these LARC patients were evaluated by two independent pathologists who were blinded in any clinical information of this study. Post-operative tumor stages of all patients were judged based on the 8th American Joint Committee on Cancer (AJCC) TNM staging system [26] . Tumor regression grade (TRG) according to the study reported by Dworak et al. was investigated in all patients for tumor response after neoadjuvant CCRT as previously described [25, 27] .
CLCA1 immunohistochemical staining and scoring
In immunohistochemical staining, tumor tissues derived from patients before any treatment were cut, deparaffinized, rehydrated, heated, quenched and washed as previously described [25] . The primary antibody targeting CLCA1 (1:100, Thermo Fisher Scientific, PA5-21288) was subsequently incubated with tumor tissue sections for 1 h. After secondary antibody incubation and hematoxylin counterstaining, the immunoexpression of CLCA1 in all tumor tissues were interpreted by two independent pathologists. Normal bowel tissues stained with or without CLCA1 primary antibody were employed in parallel as the positive or negative control. The expression levels of CLCA1 were determined by using H-score as previously described [25] . The equation of this scoring system is defined as follows: H-score = ΣPi (i + 1), in which i stands for the intensity of the tumor staining (0 to 3+), and Pi stands for the percentage of tumor staining with a variety of intensities (0 to 100%). The CLCA1 scoring no less or below the median of all analyzed subjects was categorized as high or low expression, respectively.
Statistical analysis
All statistical analyses were completed using SPSS 14 software package (SPSS Inc., Chicago, IL, USA) in this study. The relationship between CLCA1 expression levels and various principal clinical and pathological features were compared by using Chi-square test. The interval of clinical outcomes, including local recurrence-free survival (LRFS), metastasis-free survival (MeFS), and disease-specific survival (DSS) were calculated from the date of operation to the date of event. Survival curves of each subgroup with different CLCA1 expression were depicted by using the Kaplan-Meier method. The prognostic significance of miscellaneous clinical or pathological features was evaluated by using log-rank tests. Multivariate analysis used to determine the independence of identified prognostic factor was carried out by using the Cox proportional hazards model. For all analyses, P value < 0.05 under two-sided tests was decided statistically significant.
Results
High CLCA1 transcription correlates with non-responder with CCRT treatment
Through datamining from the public transcriptome GSE35452 comprising 46 rectal cancer cases, probes covering genes associated with chloride channel activity (GO:0005254) were focused. In non-responder with CCRT treatment, CLCA1 demonstrated the top-ranking significance among all identified genes with upregulated transcription (comparison log2 ratio=2.1851, P=0.0001, Figure 1 , Table 1 ). These results suggest that a potential prognostic role of CLCA1 playing in patients with rectal cancer. Accordingly, clinical relevance of CLCA1 expression in patients with rectal cancers receiving CCRT was further investigated in our validation cohort.
The association between immunohistochemical expression of CLCA1 and clinicopathological features
In order to further investigate the association between the expression of CLCA1 and clinicopatholigical features in our cohort of rectal cancers, immunohistochemical staining was employed to determine the expression level of CLCA1 in tumor specimens. In all 172 rectal tumors, CLCA1 immunoexpression detected on cellular membrane was completely examined with a broad range of H-score, spanning from 105 to 365 (Figure-2) . After analyzing the association with clinicopathological parameters, high immunoexpression of CLCA1 was correlated with an advanced Pre-Tx nodal stages (P=0.032), and vascular invasion (P=0.028), respectively (Table 2) . Moreover, high expression of CLCA1 was significantly correlated with the lower TRG degree, meaning inferior tumor response to CCRT in our cohort of rectal patients (P=0.042, Table 2 ). These results also imply that CLCA1 expression levels in rectal cancers would be linked to tumor response of CCRT. All principal clinicopathological characteristics of all patients are summarized in Table- Analysis of CLCA1 expression between responders and non-responder of CCRT in a published transcriptome database composed of rectal cancers. In the clustering analysis of upregulated genes associated with chloride channel activity (GO:0005254), CLCA1 was significantly correlated with non-responders of CCRT. Tumor specimens derived from non-responder (blue lines) and responder (yellow lines) tissue specimens were marked on top of the heatmap, and expression levels of associated genes were illustrated as a series of brightness in red and green colors, respectively. Those with unaltered mRNA expression were coded as black color in the heatmap. 
High immunohistochemical expression of CLCA1 predicts shorter survivals in rectal cancer receiving CCRT
To determine the prognostic role of CLCA1 expression in rectal cancer patients receiving CCRT, its correlation with various survival outcomes were further analyzed. In univariate analysis, Pre-Tx tumor and nodal stages, Post-Tx tumor stages, vascular invasion, perineurial invasion and TRG were significantly correlated with at least one of the three survival outcomes (Table 3) . Remarkably, high expression of CLCA1 also was comparable to a more tragic disease course in rectal cancers, with significantly decreased DSS (P=0.0041), LRFS (P=0.0012), and MeFS (P=0.0114), as shown in Figure  3 . In multivariate analyses, high expression of CLCA1 remained an independent prognosticator for shorter DSS (P =0.044, hazard ratio [HR] = 2.172), LRFS (P =0.029, HR = 2.555) and MeFS (P =0.044, HR = 2.125), as well as the other important clinical prognostic predictor, TRG. These findings indicate the prognostic value of CLCA1 expression in patients with rectal cancer receiving neoadjuvant CCRT. 
Discussion
In current anti-cancer treatments, radiotherapy alone or combined with chemotherapy acts a leading character indispensably. The necrotic or apoptotic cancer cell death followed by radiotherapy mainly comes from DNA damage induced by ionizing radiation itself or free radical produced by the ionization of cellular molecules, such as H2O [28] . Therefore, the exploration of therapeutic approach to impair DNA repair activity or increased DNA damage in cancer cells with radiation exposure would be an ideal way to enhance the efficacy of radiotherapy in human malignancies, including rectal cancers. Inspiringly, by a lot of in vitro or in vivo laboratory work, a large number of ion channels have been shown to be able to modulate the cytotoxicity of ionizing radiation in cancer cells [29, 30] . The impact of these channels working on radio-sensitivity in cancer cells might be contributed by increased DNA damage, attenuated DNA repair energy or limited cellular migration. Through the control of electrolyte fluxes, ion channels could be responsible for alterations of main cellular responses to external stress stimulation. Among all these critical ion-conducting proteins, chloride channels have been reported to regulate cellular volume in intestine epithelium and differentiation in colon cancer cells [31] [32] [33] . Consequently, in this study, chloride channels were focused in initial datamining from a published transcriptome and CLCA1 expression was further distinguished to estimate tumor responses of CCRT in rectal cancers. Moreover, in our validation cohort, high expression of CLCA1 was verified to be significantly correlated with poor response and inferior survivals in patients with rectal cancer receiving CCRT. These novel findings indicate clinical significance of CLCA1 in rectal cancers with CCRT treatment.
CLCA1 belongs to the CLCA family which consists of four genes in humans [34, 35] . In addition to chloride transportation activated by calcium stimulation, functions of these CLCA proteins include the regulation of mucus production in respiratory systems [36] . Correspondingly, high expression of CLCA1 has also been linked to various pulmonary inflammatory diseases, as well as a tumor suppressor in colorectal carcinogenesis. These diverse biological functions of CLCA1 indicate the complex role of this protein acting in clinical implications of rectal cancers.
In previous studies, CLCA1 expression is reported to be adversely correlated with tumorigenicity of human CRC [31] . The inhibition of CLCA1 expression is also demonstrated to increase proliferation and reduce differentiation in CRC cell lines [33] . In a recent study, inactivation of CLCA1 expression, by using the CRISPR/Cas9 technique, is shown to promote invasion and migration activities in CRC cells [37] . The expression levels of acting molecules participated in the epithelial-mesenchymal transition and the Wnt/beta-catenin signaling pathway were also increased in CLCA1-knockout cells. In the current study, increased percentage of low CLCA1 expression present in our validation cohort supports the role of this protein acting as a tumor suppressor in rectal cancers (59.9%, Table 1 ). Contradictorily, these patients with low CLCA1 expression levels were correlated with better prognoses of CCRT treatment. These clinical outcomes of our validation cohort conflict with those reported by Yang et al. In this previous study analyzing patients with CRC, poorer survival outcomes were revealed in those with low CLCA1 expression levels [38] . However, patients with a variety of originating sites and tumor stages were recruited and examined in Yang's study. Moreover, only a few patients received radiotherapy for tumor control in this study. The heterogeneity of subjects enrolled and treatment modalities employed can lead to the discrepancy of survival analyses between Yang's and our study. More importantly, several recent researches indicate that the phenotype of radiogenic hypermigration can be induced by irradiation exposure in cancer cells, especially in GBM cells [19] [20] [21] . After irradiation treatment, these malignant brain cells gain the capacity to invade the surrounding parenchyma primarily by the decrease and re-increase of cellular volume. This reshaping of cellular volume during the process of migration needs effective control of intra-cellular water transportation mediated by chloride ion efflux [39] . For instance, the regulatory role of one chloride channel, voltage-gated chloride channel (ClC)-3, has been demonstrated in hypermigration phenotype of glioblastoma cells [40] . After down-regulation of this specific chloride channel expression, the competence of invasion in glioma cells would be impeded. Since chloride conductance is crucial for cancer cells to escape from irradiation stress, further studies to investigate the correlation between CLCA1 expression and radiogenic hypermigration in cancer cells are warranted.
The other important mechanism for cancer cells to acquire radiotherapy resistance is "stemness" transformation. The selection of stem-like cells by ionizing irradiation has also been reported in glioblastoma cells [41] . Compared with differentiated cancer cells, stem-like cells are believed to own higher talent of radio-resistance [42] . Interestingly, in ovarian cancer cells, the ability of sphenoid formation conferred by CLCA1 expression has been reported recently [24] . Through a proteomics survey, CLCA1 upregulation is identified to be correlated with sphenoid aggregations in ovarian cancer cells. In functional assay of this study, aggregate formation of cancer cells could be reduced by suppression of CLCA1 expression. Furthermore, Pauli et al. has reported the potential of CLCA1 expression to modulate adhesion ability of various lung-metastatic cancer cells in lung microvascular endothelium [43] . These findings also indicate that complicated biological roles of CLCA1 can act in different stages of tumor progression and cellular response to radiotherapy, other than a pure tumor suppressor.
Due to the function in mediating mucus or fluid secretion, clinical utility of several potential CLCA inhibitors haven been studied in various kinds of diseases, such as secretory diarrhea, asthma and cystic fibrosis [44, 45] . Among these inhibitors, niflumic acid (NFA), a drug clinically indicated for the relief of muscular pain, has revealed its talent as an anti-cancer agent. After NFA treatment, reduced cellular proliferation, adhesion and invasion has been shown in ovarian cancer cell lines [24, 46] . Furthermore, through a large-scale drug screening platform, two potent CLCA inhibitors, CaCCinh-A01 and CaCCinh-B01, have been identified with satisfactory IC 50 values [47] . Vigorous inhibition of chloride flux induced by these inhibitors has also been manifested in CRC cells [47] . Accordingly, the studies to investigate if these potent chloride channel inhibitors would enhance the efficacy of radiotherapy in rectal cancers are highly anticipated.
In conclusion, this is the first study to show that high expression of CLCA1 is positively correlated with inferior response to CCRT in patients with rectal cancers. Additionally, high expression of CLCA1 displays its predictive value in worse clinical outcomes of rectal cancers, including more tumor recurrences and shorter patients' survival. Recently, more specific and potent CLCA1 inhibitors have been developed through the advance of drug screening platforms. Our findings would offer novel therapeutic insight in the combination of these inhibitors and radiotherapy in rectal cancers.
